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the characters of the upper side would be reproduced in the lower r 
both pigmentation and armature. The symmetry does not extend 
to the eyes and skull, but then the malformation of the head may 
be due to a partial symmetry, a reduction of the normal asymmetry. 

It is possible that both cases occur in different specimens — that 
is to sav, that in some ambicolorate specimens the condition is 
due to metastrophe of the posterior region of the body; in others 
to secondary symmetry, the doubling of the upper side in the 
gamete. This cannot be decided without further investigation of 
abnormal specimens both in the young state and the adult. Theie 
can be no doubt of the importance of the unique condition 
exhibited by the specimen here described, or that its condition 
is best explained on the view I have suggested, namely, that it 
consists of a metastrophic head joined to a normal body. 

I beg to offer my thanks and congratulations to Miss Fox and 
Mr. Enys for making the specimen known, and my thanks to 
Dr. Allen for allowing me to describe it. 


EXPLANATION OP PLATE XI. 

Abnormal Young Turbot. 

Fig. 1. Right (upper) side of abnormal Turbot 4'4 mm. long, enlarged. The eyes 
are on the right side of the head, and the dorsal tin projects anteriorly as 
a free process. Some pigment on the head dor sally, elsewhere only 
scattered black chromatophores. 

Fig. 2. Left (lower) side of the abnormal Turbot shown in tig. 1. No e 3 r es on 
the left side of head, nor pigment. Pigment on the posterior region as in 
normal specimen. 
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(1) Introductory. 

It appeared to Cuvier* — and presumably to his editor Duvernoy, 
since the statement is left unannotated — that the Azygos veins in 
mammals were too variable to offer zoological characters of value 

* Anat. Comp. ed. 2, t. vi. (Paris, 1839) p. 238. 
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for he wrote, “ L’insertion de Y azygos , F existence d’une azygos du 
cote gauche sont assez variables ; mais on sait que les memes 
eireonstances varient dans rhomme. Elies ne ineritent pas con- 
sequemment de nous arreter.” Miln e-Edwards *, on the other 
hand, and lightly, treats these veins as of importance, and tabu- 
lated the main variations. These statements really express the 
main facts as we know them today. With reference to the 
Marsupials, indeed, the assertion of Milne-Edwards seems to me 
to be nearer to the truth than some generalisations made more 
recently. This group is placed by Milne-Edwards under the 
heading “ Les deux veines azygos egalement developpees.” 
Although I shall show reasons for slightly criticising this state- 
ment, it is not greatly exaggerated. On the other hand, in 
denying the existence of a right azygos (“ Point de veine azygos 
a droite ”) in the Sheep, Ox, Goat, CJhevrotain, Pig, and Tapir he is, 
in my opinion, not by any means so accurate. With regard to 
the Tapir there is some error in Milne-Edwards’s statement ; for 
he also places that animal under the heading of those animals 
which only possess a light azygos. Sir Richard Owen’s classical 
text-book, published ten years later than the volume of Milne- 
Edwards’s great work, adds but little to the record of facts con- 
cerning the azygos veins. There are, however, numerous scattered 
references to the condition of these veins in various mammals by 
Owen and others, to some of which I am able to refer in the 
course of the following pages. 

Many of these papers are quoted by Hochstetterf in his 
memoir dealing with the development of the Azygos (and other 
veins) in the Mammalia. A large number, however, relate to 
the condition of the azygos in man, and I do not attempt here to 
follow up that very large subject. I limit myself to such other 
mammals as I have been able to dissect, in many of which the 
azygos has not been described. The clnssificatory importance of 
the azygos has been recognised by Dr. Max W eber J, and there is 
no doubt that its conditions are often distinctive of genera or of 
whole orders of mammals. I propose, however, to deal with this 
matter after exposing the facts which I have gathered together 
by degrees during several years of intermittent work upon the 
subject, which is a larger collection of facts concerning this vein 
than has previously been brought together. 

Opinion with regard to the morphological nature of the azygos 
veins has lately undergone some change. Until lately the pre- 
valent view was that one or both of the postcard inals persisted as 
the Azygos, the Hemiazygos, or both. This view is embodied in 
diagrams in many text-books. 

Of recent writers Messrs. Parker and Tozier § appear to hold 

# Anat. et Phys. Comp. vol. iii. (Paris, 1858) pp. 595-598. 

f Morph. Jalirb. xx. 1893, p. 64-2 &c. Milne-Edwards’s resume is largely based 
upon the observations of Bavdeleben (Arch. f. Anat. u. Phys. 1848) and Marshall 

Development of great Anterior Veius &c., 55 Phil. Trans. 1850). 

t Die Saugetiere, Jena, 1904. 

§ “Postcardinal Veins in Swine,” Bull. Mus. Comp. Zool. vol. xxxi. 1898, p. 133. 
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much the same view. For they remark that in the Pig “ the 
hemiazygos ” (which is the left azygos of my nomenclature) ‘‘from 
the region of the heart to the tenth rib is therefore to be 
regarded as the persistent anterior portion of the left post- 
cardinal.” The rest of the vein is formed, as they think, from 
the accessory veins,” which appear to be the subcardinals of 
McClure* * * § . They thus agree with Pathke in holding that the 
anterior part of the azygos is persistent postcardinal, but differ 
from him as to the mode of formation of the posterior region of 
the azygos ; for Pathke held that this region was due to a con- 
tinual longitudinal anastomosis between intercostal veins, and 
was thus an entirely new structure. Zumstein f put forward the 
older view also in the case of man, where that anatomist believed 
that he had traced the az} r gos and the hemiazygos to the post- 
cardinals exclusively. In the Guinea-pig, however, hej found 
that the postcardinals took practically no share in the formation 
of the azygos. ITochstetter § came to conclusions which were not 
dissimilar. He allowed in the case of the Pabbit and of the Cat 
that the azygos of the adult down to about the eighth thoracic 
segment was the postcardinal, but that thereafter it was a new 
structure not formed from the postcardinal veins : “ von da an 
caudal warts aber ist sie eine Neubildung.” This region of the 
post cardinal, in fact, becomes a part of the postcaval. A perfectly 
different origin of the azygos veins is asserted by McClure (| of 
Bidelphys. Excepting just at their entry into the duct of Cuvier 
they are quite independent of the postcardinals and of the sub- 
cardinals, though connected with the former by cross anastomoses. 
I shall bring forward various facts in the following pages which 
bear upon this question of the morphological nature of the azygos 
veins in mammals. 


(2) The Azygos Veins in the Ungulata. 

I have paid special attention to this group since I have par- 
ticularly favourable opportunities, as compared with those enjoyed 
by other zoologists, of examining recently dead specimens. These 
bulky animals obviously cannot be preserved, and must therefore 
be studied immediately after death. It thus follows that I am 
able to add a good deal to what is known upon the subject. 
It will be seen, however, that there is a very general agreement 
among the Artiodactyle division of that Order as contrasting 
with the Perissodactyles, but that the division, as shown by 
the azygos vein, is not absolute. Max Weber, in his recent text- 
book (Die Saugetiere, p. 642), uses the condition of the azygos 
to define the Artiodactyla thus : — “ Die Vena azygos fehlt ; die 

* “ Development of Veins of DhlelphysV Amer. Jouvn. Anat. v. 1906, p. 163. 

f “ Entwicklung des Venensystems des Mensclien,” Anat.-Hefte, Bd. vi. 1896. 

t “ Yenensystem bei dem Meersclnveinclien,” ibid. Bd. viii. 1897. 

§ Loc. cit. p. 574. | Loc. cit. p. 185. 
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Vena hemiazygos miindet direkt oder indirekt in die Yorkammer.^ 
But, as I shall show, this is not quite universal. 

Since the system of azygos veins is as perfect in the Gnu, 
Connochcetes gnu- , as in any other Ungulata, and more elaborately 
developed than in many, I shall commence with a description of 
those veins in this Antelope. The anterior vena cava receives a 
right and a left azygos vein which enter it very nearly, if not 
exactly, opposite to each other. Of these two the right is rather 
longer than the left. This right azygos receives five branches, of 
which the most anterior is composed of affluents from tw’o ribs. 
It is evident therefore that the light azygos does not reach back 
nearly as far as the diaphragm. The left vein is composed of 
only four intercostal branches. The blood from the libs lying 
behind these four are connected, however, into another lon- 
gitudinal trunk lying on the left side. Seven or eight of these 
branches coming from as many intercostal spaces combine to 
form a vein running in the same straight line as the left azygos, 
but not joining it anteriorly. The vein, in fact, opens inde- 
pendently into the right auricle, as previous observers have noted 
for other Ungulates. 

It is not a little remarkable that the other species of Gnu, 
viz. Connocluetes tcmrinus , which I have also dissected, shows 
differences in respect of these veins from Connochcetes gnu. On 
the right side the azygos is a trifle smaller and collects blood only 
from four intercostal spaces. On the left side the azygos is very 
much longer, with seven or eight affluents. It enters the vena 
cava superior as in Marsupials &c., which possess two azygos veins. 
I did not detect any branch putting this vein into direct com- 
munication with the right auricle, such as occurs in Connochcetes 
gnu and in some other forms which I shall deal with immediately. 
An intermediate condition is offered by another Antelope, Bubcdis 
cciama. In this animal the right azygos is composed of five 
affluents. On the left side w T e have both the anterior and the 
posterior vein of Connochcetes gnu , and, as in that animal, the 
latter communication with the auricle direct. But a slender twig 
connects the two veins, which are thus a continuous vessel as in 
Connochcetes tcmrinus . 

The azygos veins of Ehaphicerus melanotis present the usual 
Antilopine characters ; but there are differences of detail from 
those of some other forms. On the right side, the internal 
mammary vein is followed in passing towards the heart by a, 
superior intercostal which divides into two branches, each of which 
supplies the first or the second intercostal space. Behind this 
arises the right azygos, which is composed of three affluents ; the 
first lies in the intercostal space 2/3, the others in 3/4 and 4/5. 
Thus the intercostal space 2/3 has two veins. On the left side 
there is a superior intercostal opening exactly opposite to the l ight- 
hand vein ; but it is a larger vessel though it only draws blood from 
tw r o intercostal spaces. The left azygos, as in allied forms, is well 
developed and enters the heart in common with the vena cava 
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inferior. It does not, however, consist only of a region lying* 
behind its point of entrance into the auricle ; but a branch also 
runs forward supplying four intercostal spaces, the first being that 
between ribs 2/3. The vein does not join the superior intercostal. 
But it will be noted that rib interspace 2/3 has on the right two 
veins. • 

Ourebici nigricauclata is much like Rhapldcerus. The vena cava 
anterior receives a pair of veins, the superior intercostals, which 
bring back blood from the region of the first rib only. The two 
veins are not absolutely symmetrical as to their point of entrance 
into the vena cava. The second to the fifth rib inclush e supply 
four intercostals which unite to form the right azygos. On the 
left side of the body the azygos consists of an anterior and a 
posterior section which unite at their communication with the 
right auricle. The anterior vein is very slender, excepting in the 
region at and near to its fusion with the posterior vein. The 
azygos proper, i. e. the posterior section, is a stout well-developed 
vein which receives blood from the intercostals on both sides of 
the body, It ends at the diaphragm in a bifurcation formed by 
the two intercostals supplying the last (the thirteenth) libs. 

Cephalophus grimmli showed an identity of arrangement in two 
examples, one a male, the other a female. The better developed 
left azygos entered the heart in company with the vena cava 
inferior, and not by a separate orifice. On the right side of the 
body the azygos consisted certainly of four intercostal affluents. 
The last two of these (at any rate in the male example) encircled 
the fourth rib. C . maxwelli shows much the same relation to 
C. grimmii that the two species of Gnu show. For the left azygos 
opens into the precaval. But it gives off a branch to the auricle. 

Oryx leucoryx has also a comparatively short right azygos 
composed, however, certainly of five intercostal branches. The 
longer left azygos enters the heart either directly or with the 
vena cava inferior. Above the influx of the right azygos is a 
single inferior intercostal on the right side of the body, and on 
the" left side a corresponding vein which, however, immediately 
divides into tw T o trunks. There was, however, no connection 
between the posterior of these tv T o veins and the lower section 
of the azygos system. 

The arrangement of these veins is much the same in Oryx beatrix 
as it is in Oryx leucoryx. The left and principal azygos commences 
with the interspace between ribs 6 and 5. Above this is a vena 
suprema intercostahs , composed of only tw r o branches lying in the 
first two rib interspaces. To this corresponds exactly on the right 
side a vein which draws blood only from the first intercostal space. 
Behind this the right azygos opens into the precaval opposite to 
the second or third rib. Its branches extend back to the sixth 
rib, and they begin vfitli the second intercostal space. 

I have selected for figuring here (text-fig. 62) the azygos and 
immediately related veins of Cervicapra bohor , on account of their 
splendid condition in the male example which I had the opportunity 
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of dissecting in the month of December of last year. I am pretty 
certain that I have been able to note down the characters of all the 
veins of this system in the present species. The animal, I may 
remark, was young and very slightly diseased. Cerviccipra bohor 
agrees in essentials with other Antelopes ; but there are differences 

Text-fig. 62. 



Az 3 r gos veins of Cervicapra bohor. 

Az.l. Left azygos; Az.r. Right azygos; i.m. Internal mammary; Scl. Subclavian; 
S.i. Superior intercostal ; p.c. Precaval. First three ribs numbered 1, 2, 3. 

of detail which are worth recording. The main azygos trunk lies 
as usual on the left side and opens into the heart. The level at 
which it bends towards the heart is opposite to the seventh rib. 
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Its affluents, however, commence on the posterior side of the fourth 
rib. Beyond the last pair of affluents, which lie behind the 
thirteenth (and last) rib, the trunk is continued back as a very 
slender vessel. The first intercostal artery which crosses this 
azygos lies behind the tenth rib. Anteriorly, the second and 
third intercostal spaces give rise to vessels which unite into a 
trunk which debouches into the left subclavian vein, the ng 


Text-fig. 63. 



subclavian, it may be remarked, joins the precava quite a con- 
siderable distance behind the opening of the left subclavian a 
marked asymmetry which is not common. It receives, however, 
no branches from intercostal spaces and enters the thoracic cavity 
in the usual position — that is, in front of the first rib. The right 
azygos is of fair size; it enters the precava about opposite the 
fourth rib. It receives branches from intercostal spaces L to o 
(inclusive). 
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In Gazella euchore (the example dissected was a male) the dis- 
position of the several veins of the azygos system was as follows 
and as is shown in the accompanying illustration (text-fig. 63). 
The illustration in question shows that the subclavian veins are 
symmetrical with each other and occupy the usual position, 
emerging as the} r do in front of the first rib. To the left sidj- 
clavian is attached the corresponding vena intercostalis supvema. 
This vein collects blood from the second and third intercostal 
spaces. I am not absolutely certain whether its longitudinal 
trunk is not continuous with the left azygos. The latter com- 
mences with a bianch from behind the fifth rib ; it enters the 
heart on a level with the sixth or seventh rib. The right 
azygos is fairly well developed and enters the precaval vein on a 
level with the second rib. It collects blood by branches from the 
second to the fifth intercostal spaces inclusive. 

In a female Capra megaceros the left azygos also opened directly 
into the auricle ; its first branch arose from behind the sixth rib. 
Anteriorly, a superior intercostal consisted of two branches 
lying respectively between ribs 1 and 2 and 2 and 3. On the 
opposite side a vessel corresponded exactly to this in point of 
entrance into the precava, but drew blood only from the first 
intercostal space. Immediately behind this opens the right azygos, 
which is made up of four intercostal branches from ribs 2 to 5. 
In another example, also a female, the azygos was also on both 
sides, but the right vein was smaller than in the specimen just 
described and only drew blood from two intercostal spaces. 

Hemitragus jemlaica ( <5 juv.) is rather different in the arrange- 
ment of these various veins. There is, on the left side, the typical 
Artiodactyl azygos entering the heart directly and commencing 
with a branch in intercostal space 4/5. There is no superior inter- 
costal on this side ; and on the right side there is only a single 
vein and that corresponds to the superior intercostal, since it 
draws blood only from behind the second rib. 

Of jYemorhcedus swetienhami I have dissected a single male 
example. As usual, the left azygos was the predominant vein 
concerned with the intercostal cimilation. It receives branches 
from the fifth rib onwards, and the main trunk was traced some 
way into the lumbar region behind the last (?. e. the thirteenth) 
rib. The vena cava anterior receives the right azygos and a 
corresponding vein exactly opposite to it on the left side. The 
former receives blood from the first six ribs and ends entirely at 
the level of the sixth rib. The corresponding vein of the left side 
has naturally fewei* branches and ends at the fourth rib. I did 
not ascertain whether there was any connection between the 
anterior and posterior series of intercostal veins on the left side of 
the body. 

In an old example of Phacochcerus cethiojncus (text-fig. 64) the 
azygos veins were rather different from those of the two species 
just described. The geneial plan was the same: that is, there is 
a long azygos vein on the left side. This vein started with an 
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affluent from the intercostal space between ribs 5 ancl 6. As far 
as the twelfth rib the vein lay outside the intercostal arteries, 
which up to this point passed between the azygos vein and the 
vertebral centra. The intercostal artery arising from the aorta 
between the twelfth and thirteenth ribs passed to the outside of the 
azygos. Asa rule among mammals this point, where the azygos 
changes its position relatively to the intercostal arteries, is further 


Text-fig. 64. 



Azygos veins of JPJiacochcerus cethio pious. Lettering as in text-fig. 62 . 


forward. Anteriorly the precaval vein receives two quite sym- 
metrically disposed veins, one from each side of the body, which 
convey blood from the more anterior intercostal spaces. These 
veins, moreover, are not only symmetrical with each other in so far 
as regards their point of junction with the precava : they draw 
blood from exactly the same intercostal spaces. Each consists of 


MR. F. E. BEDDAltD ON THE 


190 


[Feb. 19, 


four brandies supplying the first four ribs. Their point of 
opening is about opposite the second rib. 

In a young example of the African Red River-Hog (. Potccmo - 
clwerus africanus) the azygos was also limited to the left side of 
the body, as in Porcula scdvania. In Potamochoerus, however, 
this vein enters the heart as in Ungulates ; while in Porcula it 
seems to have the relations of the azygos in Marsupials (fee., where 
a left azygos is present. The difference is not really of great 
importance as indicative of an anomaly in one or the other of these 
two genera of Suidse; for we have in other Ungulates — e. g., in 
Connochcetes gnu — a left azygos which is divided into two parts 
whereof one opens into the jugular and the other into the heart. 
One or other arrangement is found in each of the Snine genera 
Porcula and Potamochcerus. Potamochcerus shows the arrange- 
ment which was found in Pus scrofa by Hunter * and quoted by 
Owen in his ‘ Comparative Anatomy ’ f in dealing with the 
azygos veins of mammals. 

In the Pygmy Hog ( Porcula salvania ) the azygos vein is only 
developed upon the left side of the body ; there was absolutely no 
trace of this vein that I could discover upon the right side. It is 
large and thick, and its blanches are important and obvious with 
the exception of the first. This more slender branch divides on 
issuing from the main trunk into three twigs, of which two run 
on each side of a rib. After this there are seven branches, which 
are large and were turgid with blood in the individual examined. 
These branches correspond of course regularly to the ribs ; but 
they supply eight intercostal spaces, since the last of them, in 
which the azygos ends, bifurcates over its rib. The azygos lies 
very definitely upon the left side of the aorta, ; it is not median in 
position as is so often the case with this vein. The vein ended 
in front of the diaphragm ; nor could I detect any branch, however 
thin, which continued on the main trunk behind the diaphragm in 
the direction of lumbar veins or of the postcaval or renal veins. 
These observations refer to one example only, which was a female. 

The Musk Deer (J loschus moschiferus) presents us with a system 
of azygos veins like those of other Ungulates. On the left side 
the well-developed azygos enters the auricle directly. On the right 
side the small azygos consists of one vein only. In front of this, 
and on both sides of the body, is a superior intercostal. 

Dorcatherium aquaticum did not show, as might perhaps have 
been expected, an arrangement of a specially primitive character. 
It is much like other Ungulates. There is a small azygos 
on the right side of the body formed by three affluents only. 
The azygos of the left side only communicates with the right 
auricle. It is as extensive as is usual among Ungulates and con- 
sists of many intercostal affluents. The first of these branches is 
made up of two tributaries. There is no anteriorly running 

* ‘ Essays and Observations on Natural History &c.,’ arranged by Richard Owen, 
vol. ii. 1861, p. 124. 

f Vol. iii. 1868, p. 555. 
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extension of this vein such as occurs in, for example, llhcqyhicerus . 
It is interesting to note that Dorcatherium does not agree with 
its nearest ally, Tragulus , as the following account of the latter 
genus will show. 

Of Tragulus meminna (text-fig. 65)1 have been able to examine 
two adults — one of each sex — and a young one, nearly ready for 


Text-fig. 65. 



Azj'gos veins of Tragulus meminna . 

post.c. Remains of posterior cardinal of right side(?j. 
Other letters as in text-fig*. 62. 


birth, taken out of the uterus of the female. In all three the 
azygos was present only on the right side and entered the preeaval 
very near to the heart. The nearness to the heart seemed to me 
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to be more marked in the two adults than in the foetus. In the 
male adult the first affluent of the azygos arose behind the fourth 
rib ; after this there was a gap of one rib, and three very much 
stouter affluents arose behind the sixth, seventh, and eighth ribs 
respectively. Thereafter the psoas muscles concealed the inter- 
costal veins at their entry into the azygos, but they appeared to 
be regular. In the female Deer the same very stout intercostal 
veins arose from the intercostal spaces 6 7, 7-8, 8-9 as in the male, 
but I did not find the slender anterior intercostal which I have 
described in the male ; I should not like, however, to assert that 
it was absent. It is very interesting to observe this constancy in 
a vein which has been stigmatised as most inconstant. Moreover, 
the foetus showed the same arrangement of these veins with a 
slight difference. The first affluent of the azygos was very stout 
and arose between ribs 3 and 4, being thus a. rib further forward ; 
but after this the first affluent of the regular series arose in the 
same way as in the two specimens of Tragulus meminna just 
described, behind the sixth rib. In this foetus, moreover, a very 
slender intercostal, which I did not find in either of the adults, 
arose from behind the second rib and either joined the precava.l 
independently or just at the point of entrance of the azygos. In 
this foetus the first rib sent an intercostal vein to the subclavian 
of the right side. On the left side none of the three specimens 
had any properly developed azygos. But in the foetus and the 
male adult a large oesophageal vein received intercostal affluents 
from the second and third ribs on the left side and entered the 
subclavian of that side. There was something to correspond in 
the female ; but I am unable to give a proper description. In any 
case, the presence of rather more veins in the foetus and the absence 
of at any rate much variation in the azygos system of the adult 
T rag ulus meminna *, are noteworthy. It is possible indeed that 
there was no variation at all. 

There is a very considerable agreement between the azygos vein 
of Trcigulus and that of Cervus sikci, but not, as will be shown pre- 
sently, of Cervus aristotelis. In a female of Cervus sika the azygos 
was developed only upon the right side of the body. There were no 
traces of anything of the kind on the left side. The right azygos 
enters the precaval rather forward — in fact, opposite to the second 
or third rib. The first affluent which joins the azygos runs parallel 

* An interesting note upon certain points in tlie venous system of this Deerlet 
(“The Postcava of an adult Indian Clievrotain, TraguUis meminna Erxleben,” 
Anat. Anz. Bd. xxix. 1906, p. 375), by Prof. McClure, has come into my hands 
through the kindness of the author during the writing of the present memoir. In 
this note it is remarked that, contrary to what is found in most mammals, but 
agreeing with the conditions observable in Dasgpus , JSlephas, and the Marsupials 
(generally), the postrenal division of the postcava lies directly ventrallv to the aorta, 
instead of dorsally and to one side. Dr. McClure naturally wonders if this is cha- 
racteristic of TraguUis meminna , or is abnormal. I looked into the matter carefully 
in the three specimens upon which I have reported above, and find that Dr. McClure 
lias discovered a perfectly normal character of this primitive Ruminant. I may 
furthermore point out that he figures (loc. cit. fig. 2) the right renal vein as double 
and the left as being single as well as much longer. I found this also to be the case 
in the adult male and in the foetal male, but not in the adult female. 
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with it for some little distance as a longitudinal trunk, and receives 
branches from the second to the fifth intercostal spaces inclusive. 
The main trunk of the azygos commences with an affluent from 
the sixth intercostal space. There is, it will be observed, an 
obvious likeness here to certain Rodents also ; for instance, 
Ccelogenys *. I may also observe that the vein lettered p>ostx. in 
text-fig. 65 also probably corresponds to this additional azygos, for 
the nature of which see p. 213 below. 

In Cervus aristotelis the azygos on the right side of the body 
pours blood into the single precaval from five affluents, which 
collect blood from the first five intercostal spaces. On the left 
side there is a corresponding vein which, however, flows into the 
precaval rather in front of the right azygos, between the second 
and third ribs. This collects blood from the first and a few sub- 
sequent intercostal spaces. I think that it is continuous with the 
usual Artiodactyle left azygos, which enters the heart opposite to 
the sixth rib and extends back to the diaphragm. 

Of Perissodactyle Ungulates I have only examined Equus 
chapmccni. The arrangement here was precisely as in the Horse. 
The azygos was present upon the right side only. The first 
affluent contributing to the vein arose from the interspace 
between the fifth and sixth ribs, and the vessel appeared to end 
posteriorly after the affluent from the thirteenth rib. 

Hyrax capensis . — This animal shows affinities to the Ungulates 
in the structure of the azygos veins combined with a good many 
differences from such Ungulates as I have been able to examine. 
It is noteworthy that this “ Subungulate ” agrees with the Horse 
and Tragulus rather than with most Artiodactyies in the much 
greater size of the right azygos. In view of other comparisons 
that have been made between Hyrax and the Perissodactyle 
Ungulates, this additional fact is of interest. In the Rhinoceros, 
according to Owen t, the right azygos is the principal azygos. This 
feature alone is, however, obviously not enough to establish an 
affinity with the Perissodactyle section of the Ungulata, for many 
mammals possess only the right azygos, with or without traces of 
the left. It is the characters of the azygos on the left side which 
indicate the Ungulate affinities of this animal. In one of two 
examples of Hyrax capensis which I have dissected, the first two 
costal interspaces were occupied by veins which united to form a 
single trunk opening into the vena cava anterior. These represent 
the superior intercostal vein of other mammals. On the right side 
of the body the corresponding veins were present, but each opened 
separately into the vena cava. The next two ribs on the left side, 
i. e. Nos. 3 and 4, were supplied by a vein each, the two veins lying 
both of them in the same intercostal space, between ribs 3 and 4. 
These united to form a slender trunk which passed backwards 

* See p. 209. 

f “ On the Anatomy of the Indian Rhinoceros,” Trans. Z. S. iv. p. 46. The Tapir 
also has been stated to possess a large right azygos. 

Pro'c. Zool. Soe. — 1907, No. XIII. 
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and opened into the vena cava inferior (text-fig. 66) just before 
the debouchment of the latter into the right auricle. This is 
clearly the Artiodactyle condition of the vein in question, though 
differing in detail from that of any particular Artiodactyle that 
has been studied and described. For in that group there is either 


Text-fig. 66. 


Scl 



Az.r.- 


A- 



cav. 


Hyrax capensis ; two different arrangements of azygos system. 
post.cav. Postcaval. Other letters as in text-fig. 62. 

an anterior and a posterior branch of tfie left azygos which unite 
close to the opening into the auricle or vena cava posterior, or the 
posterior branch alone is present. In Hyrax it is the anterior 
branch alone which is present. 
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The corresponding ribs on the right side were supplied with 
veins joining the long right azygos. The azygos system of Hyrax 
has been partly described by Brandt * in a memoir upoii the 
general anatomy of Hyrax , who observes that the vena cava 
posterior enters the right auricle u nachdem sie die vorderen 
Vence intercostales und die Vena azygos aufgenoinmen.” The same 
fact, according to Weber f, has been also noted by George + ; but 
1 have not had the opportunity of studying this paper §. Nothing 
is said by Brandt concerning the right azygos. It is, I presume, 
legitimate to compare the descending region of the left azygos in 
Hyrax with the left anterior cava. In a second specimen I did 
not find a left azygos opening into the vena cava inferior. But 
I am not inclined to deny its existence. The large right azygos 
was equally well developed in this example. 

In a third example of Hyrax cayensis (a female) the azygos 
system was entirely developed upon the right side of the body, 
and differed considerably from that of the two individuals just 
described. The main azygos stem (text-fig. 66) was traceable 
to the lumbar region, where it communicated with the vena cava 
inferior (not opposite to the renal vein) in common with a lumbar 
vein. The vein undoubtedly belongs to the right side since it 
lies on the trachea on the right side of that tube. Its mode of 
termination anteriorly is, so far as my own experience goes, unusual 
among mammals. Instead of entering the jugular some little 
distance in front of the heart, as is elsewhere (so far as I have seen 
in my own dissections) invariably the case with the light azygos 
when present, it enters that vein so near to its entry into the 
auricle that it may almost be said to enter the auiicle separately ||. 
But there is, of course, no question as to a direct communication 
with the coronary sinus, like the left azygos of the Cavicornia. In 
front of this vein, which debouches into the heart opposite to the 
fifth lib, is a small vein which receives blood from the 2nd and 
3rd intercostal spaces. 

The disposition of the azygos veins in the Artiodactyle Ungu- 
lates seems, therefore, to be fairly constant in the group, though 
the left azygos does not quite invariably open directly into the 
right auricle or into the vena cava posterior just before the open- 
ing of the latter into the right auricle. This arrangement of the 
left azygos has not been found in any other group of mammals 
excepting only in the Mole, where it has been stated to be the 
same as in the Artiodactyles. Possibly this fact may be con- 
sidered as requiring confirmation. It is, however, interesting to 
note that as an abnormality the left azygos in man may open 
into the right auricle directly. I have not attempted to compare 

* Mem. Ac. St. Petersbourg, ser. 7, t. xiv. p. 65. 

f Die Saugetiere, Jena, 1904. 

X Bibl. Ecole Hautes-Etudes, Sec. Sc. Nat. xii. 1875. 

§ In ail earlier paper by George (Ann. Sci. Nat. (6) i. 1874) a right azygos only is 
described. 

j| This is also the case with the Horse, according to Chauvean and Arloing. I have 
also described the same arrangement in Tragulus . 
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the variations in the human subject with the conditions which 
are normal in other mammals, and it is possible that many 
examples have been recorded of this particular abnormality in 
man. I refer only to one instance, which I cull from the list of 
literature given by Hochstetter in his memoir upon the develop- 
ment of the veins in mammals*. 

(3) Insectivora. 

My notes upon this group are very few, but not without 
interest. Milne-Edwards has observed f that the Mole possesses 
both azygos veins, and that the left debouches into the right 

Text-fig. 67. 



Azygos veins of Erinctceus cilgirus. Lettering as in text-fig. 62. 

auricle precisely as in certain Ungulates. This fact is not referred 
to by Owen, who however states ± that “ the left vena azygos 
communicates with the left precaval in the Hedgehog and many 

* Gruber, “ Ueber einen Fall von EinmiiiHlung tier V. hemiazygos in das Atrium 
dextrum cordis beim Menschen,” Arch. f'. Anat. u. Pliys. 1864, p. 729. 
f Anat. et Phys. Comp. iii. 1868, p. 595. 

X Comp. Anat. & PLys. Vertebrates, vol. iii. 1868, p. 553. 
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others [of the 61 Lissencephala ”], and is larger than the right.” 
This does not exactly agree with what I have found in an example 
of Erinaceus algirus , 5 . Two azygos veins were present (text- 
fig. 67) and of equal length. Each opened into the precaval of its 
own side at a point corresponding to the interval between the 
second and third ribs. In the case of the right azygos, the first 
affluent arising between the second and third ribs and the second 
arising between ribs 5 and 6 were particularly large. It is note- 
worthy that posteriorly there was also an irregularity in the 
branches of the azygos, one branch often serving two intercostal 
spaces. The specially thick affluents were not noticeable on the 
left azygos. 

I have also dissected one example of the Common Hedgehog 
{Erinaceus europceus ), which differs both from Owen's account of 
that species already referred to and from Erinaceus algirus as 
dissected by myself. In this Hedgehog the right azygos alone was 
well developed, and commenced with an affluent from the first rib 
space, opposite to which it entered the right precaval. On the 
left side a very small azygos was present consisting, so far as I 
could see, of only one branch arising from the first intercostal 
space. It joined the left precaval at a point apparently exactly 
opposite the right azygos. 


(4) Lemurs and Apes. 

Of this group I have examined a considerable number of species, 
and in all of them the right azygos as a distinct vein is present, 
and alone present. I have found this to be the case in the 
following, viz. Lemur catta (3 examples), L. mongoz , L. xantlio- 
mystax , L. macaco , L . albifrons , L. coronatus , L. varius , Xycticebus 
tardigradus (3 examples), Perodicticus potto , Galago crassi- 
caudata . 

Although it is correct to say that there is only a right azygos 
in these Lemurs as a complete vein entering the vena cava anterior 
on its own side of the body, there are in a few forms traces of the 
left azygos — of a hemiazygos. Thus in Galago crass icaudata there 
is a longitudinal trunk springing from the right azygos opposite 
to the 7tli intercostal of the right side of the body. This vessel 
runs forward, receiving intercostals from the left side and finally 
enters the left subclavian. This vein is obviously the left superior 
intercostal of man, but is more extensive in Galago than in Homo. 
Furthermore, a posterior fragment of the same vein and not con- 
tinuous with it is left in the shape of a longitudinal connection 
between the 8th and 9th intercostals of the same side of the body. 

In Lemur albifrons I found a hemiazygos arising from the right 
azygos shortly after the origin of the first of its intercostal 
branches, which crossed to the left side and received the inter- 
costal veins of that side of the body. 

Of the higher Primates I have examined a considerable number 
of species, in all of which there is but one azygos, the right, with, 
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in cases, a left hemiazygos. I do not for the present give any 
details concerning the Monkeys and Anthropoid Apes. 


(5) Edentata. 

Of this group of mammals I have only been able to examine a 
few of the South- American forms. 

In the Great Anteater, Myrmecophaga jubatct , there is only a 
right azygos, with no traces that I could discover of the left-hand 
vessel. As this statement refers to three examples, including 
both sexes, it is probably a statement of the normal state of affairs 
in this animal. In one example, at any rate (I have not notes on 
the others), the first affluent occupied the 4th intercostal space. 

Of the small Anteater, Tamandua tetrad, actyla , 1 have examined 
but a single specimen, in which the conditions of the azygos were 
cpiite the same. 

In two Armadillos, Dasypus villosus and I). minutus , the right 
azygos was also alone present. Hyrtl, in his account of the 
anatomy of Chlamydophorus, only found, or at least only men- 
tions, the right azygos. These facts afford an additional argu- 
ment, though doubtless a small one, for the banding together of 
the American Edentates. 


(6) Carnivora. 

The azygos vein in this order of mammals presents a very 
uniform arrangement. I have dissected a considerable number 
of species belonging to many genera, and in the great majority of 
them there is but one azygos present, which is that belonging to 
the right side of the body. In these I have not been able to find 
any trace of the vessel of the left side. The following species 
present this condition of the azygos veins, viz. : — Galictis barbara , 
Crossarchus obscurus , Cynictis levaillanti , Viverra civetta (2 ex- 
amples), Nandinia binotata , Cercoleptes caudivolvulus (3 examples), 
Nasua rufa (2 examples), Felis pardus , Procyon cancrivorus 
(3 examples), P . lotor , Lutra vulgaris (2 examples), Ilelictis per - 
sonata , Cryptoprocta ferox , Herpestes grlseus , II. pulverulentus , 
Arctogalidia trivirgata , Proteles cristatus , Gulo luscus. 

In two specimens of Procyon cancrivorus the azygos of the 
right side received a hemiazygos from the left side about halfway 
down, and there were no vena3 intercostales supreme. In Procyon 
lotor I found no hemiazygos, but there were two vense intercostales 
superior on the right side, supplying the first two ribs and opening 
separately into the precava. On the left side a single vein opened 
into the subclavian. 

The azygos vein in the Hysena [Hycena crocuta ) (text-fig. 68) is 
the most remarkable modification of this vein which I observed 
in the Carnivora. As has been noted, the azygos in the Carnivora 
is constantly a long S-shaped vessel lying on the right side and 
extending down to the diaphragm, giving oft’ regular branches. In 
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this Hyaena, however, the azygos is singularly short, supplying 
only three intercostal spaces. It opens into the Ductus Olivieri by 
a single stout branch ; this is formed by the union of three branches 
which are of very unequal calibre. The most anterior of these is 
a moderately stout vein running slightly forward in direction. 
The middle vein of the three is very markedly the stouter. It 
plunges at once, after the shortest possible course, into the thick- 
ness of the parietes. The third branch is more slender than both 
the first and the second. It also has a very short course obliquely 
backwards, and is very soon lost in the parietes. It gives ofi one 
branch to the left side and a slender short main azygos. I could 
discover no vein upon the left side of the body. It is to be 
remarked that we have here an abortive azygos, the first branches, 
or perhaps branch, only being well represented. These collectively 
correspond, as I think, to the first branch of the azygos in some 
other forms, which is very frequently subdivided into two or even 
three branches. 

Text-fig. 68. 



Azygos of Hi/cenct crocuta. Lettering as in text-fig. 62. 


It is usual for the first branch of the azygos to arise between 
the fifth and sixth ribs in this order of mammals. I have found 
this to be so in Procyon lotor , Lutra vulgaris (one example ; in 
another it arose between ribs 4 and 5), Suricata tetraclactyla , 
Genelta felina. 

In Crossarchus obscurus (text-fig. 69) the azygos entered the 
precaval about opposite to the fifth rib. Its most anterior affluent 
arose between the third and fourth ribs. Between the first and 
second ribs an intercostal arose on the same side (the light) and 
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Azygos of Crosmrchus obscurus. Lettering as in text-fig. 62. 

entered the subclavian vein. The corresponding vein of the left 
side of the body was formed of two affluents arising from the first 
two intercostal spaces, which opened into the preeaval and not into 
the subclavian. 

(7) Marsupials. 

I am able to give rather a fuller account of the genera of this 
group than of the other groups of mammals treated of in the 
present communication. And furthermore, of several genera 
which I have examined I have had the opportunity of seeing 
several species, and occasionally more than one example of the 
same species. The azygos veins of Marsupials have been lately 
the object of a careful study by Prof. McClure * in connection 
with a detailed survey of the blood system of the Opossum, 
Didelphys marsapialis. He has in his memoir collected together 
what has been written upon the subject of this vein, and I 
shall review his conclusions in the light of the additional facts 
which I am here able to contribute to this branch of anatomy. 


* American Journ. Anat. ii. 1903, p. 371. 
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I shall commence with the Kangaroos, of which I have examined 
a good many different species. 

In Macropits ualabatits the condition of the azygos veins is the 
most primitive of that to be seen in Marsupials. There are two 
veins, one on each side, each, of course, opening into its corre- 
sponding vena cava anterior. These veins appear to be exactly 
equal in length. 

In Macropits agilis I have found one of the two opposite 
extremes. In the single example of this species which I have 
dissected there was but one azygos, tying upon the right side of the 
vertebral column. In the preceding species of Macropus the two 
azygos veins end, or at any rate dwindle to almost nothing, in the 
neighbourhood of the last rib behind the diaphragm. Their last 
affluent is derived from the body-wall close to the last rib. In 
the specimen of Macropus agilis , on the other hand, the single 
right azygos is continued as a wide vein for a long distance back- 
wards. A little in front of the kidney it ceases to be superficial 
and is imbedded in the dorsal musculature. It then emerges and 
gives off a branch joining the vena cava posterior in the region 
of the kidney. This vessel is not the renal vein itself, for the 
latter can be followed from the kidney to the vena cava as a 
distinct and much thinner vessel. Behind this again the azygos 
dies away towards the pelvis, retaining till its extremity a con- 
siderable size. 

In Macropus melanops I found in one individual the same state 
of affairs as in the last species in so far as only a single azygos 
was present, and that on the right side. This vein, however, was 
slender and drew blood from only six intercostal spaces, after 
which it dwindled or entirety disappeared. In a second specimen 
of the same species there was also a limited azygos on the right 
side ; but. in addition to this, traces of one belonging to the left 
side of the body, which, however, was quite small and only drew 
blood from one intercostal space. 

An example of Macropus bruni showed conditions intermediate 
between the two extremes already dealt with. In this species 
there was an azygos on the right side extending as far back as to 
the diaphragm. On the left side there was a less completely 
developed vein only drawing blood from four intercostal spaces. 

A female Macropus dorsalis was not very different. In this 
Kangaroo the azygos was only property developed upon the right 
side of the body. It was prolonged, however, for a long way back 
as in Macropus agilis. In the same way a branch was given off 
to the vena cava posterior underlying the renal vein. The azygos 
trunk ended some way behind this. 

On the left side of the body there were traces of a left azygos. 
This consisted of the azygos proper, being a short vessel gathering 
blood from one intercostal space only, and of another trunk in 
front of this flowing separately into the. vena cava anterior of that 
side of the body, which corresponds to the superior intercostal of 
other mammals. 
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A male Macropus giganteus showed an almost exactly similar 
arrangement of the several azygos veins. On the right side the 
vein was strongly developed and passed back to the pelvic region, 
giving off a branch to the vena cava posterior in the region of the 
kidney. On the left side one vein arose from the vena cava 
anterior sinistra which apparently corresponds to the two which 
arose separately in Macropus dorsalis. This vein was formed of 
two affluents only. 

A female Macropus rufus possessed a well-developed azygos 
upon the right side, which however did not extend backwards to 
anywhere near the pelvic region. I traced it to the eleventh rib, 
between which and the tenth lay its terminal branch. The vein 
supplied all the intercostal spaces between this and the fifth 
anteriorly. On the left side of the body was a rudimentary azygos 
of two branches lying between the fourth, fifth, and sixth ribs. 
A second example, a male, showed an identical arrangement of 
both azygos veins. 

Macropus alligatoris is precisely like Macvojms rufus. In a 
male specimen of this Kangaroo the well developed azygos lay 
upon the right side of the body, while on the left side was a rudi- 
mentary vein formed of two affluents only. 

Exactly the same description is to be given of Macropus 
antilopinus. 

Of Macropus derbianus I have had the opportunity of seeing 
three individuals. Two of these were of particular interest since 
they were mother and daughter. The female foetus showed two 
azygos veins very nearly equal in extent, but the right was rather 
longer than the left ; this discrepancy — it will be observed — being 
the usual one. On the other hand the parent showed reverse 
conditions; the left azygos was longer than the right, and in show- 
ing this character was unique among the examples of this genus 
which I have examined up to the present. But in a third specimen 
of the same species, adult and a male, the azygos veins were as 
nearly as possible equal, the left being again a trifle the longer. 

In Halmaturus bennettii I found the azygos on the left side 
to be distinctly longer than that of the right side. I counted in 
fact seven affluents on the left side. On the right side there 
were only five branches, of which the first followed the fifth rib. In 
a second specimen (text-fig. 70), a male just out of the pouch, the 
small left azygos had only three affluents from ribs 4 to 6. The 
right azygos began with an affluent from rib 2. 

Of the genus Dendrolagus I have examined only one species, viz. 
D. bennettii. In this Tree-Kangaroo I found the azygos to be 
present only on the left side. 

jEpyprymnus rvfescens is a species which shows differences in 
the proportions of the two azygos veins. In one example, a female 
the left azygos was shorter, composed of four affluents ; the right 
reached to the diaphragm. In a male the light was very much the 
shorter, composed as it was of only two affluents. On the left 
side there were four or five branches before the vessel disappeared 
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into the thickness of the musculature. Later on this azygos 
dilated to form a thicker vessel which lay beneath the aorta and 
reached nearly to the iliacs. This is obviously quite comparable 
to what I have described above in Macropus gigcinteus and other 
species ; but in them it was the right azygos which was thus 
prolonged and enlarged. I could not be certain whether in EEpy- 
prymnus rufescens there was or was not a connection with the 
renal vein or the postcaval. In this specimen there was also on 
the left side a superior intercostal vein flowing separately into the 
vena cava superior. 

Text- fig. 70. 



In a third example of JEp y prymnus rufescens , which was a 
female, the conditions observed differed from those of either of 
the other two. The two azygos veins were absolutely symmetrical 
so far as I could see, and moreover this symmetry extended to 
quite small details. On both sides of the body the last two of the 
foui* intercostal affluents of each azygos joined before pouring 
their contents into the azygos. It is curious to find here in the 
same species all the chief varieties shown by the azygos. 

While uEpy prymnus rufescens is an example of a Marsupial 
in which the condition of the azygos veins varies from individual 
to individual, the Common Phalanger ( Trichosurus mtlpecuia) 
offers precisely the reverse characteristic. Of this species I have 
dissected six examples belonging to both sexes. In all of them 
the azygos vein of the left side is fully developed and reaches back 
as far as the diaphragm. In all of them the right azygos is present 
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but is invariably small, and consists at the most of a short trunk 
made up of affluents from three intercostal spaces only. There is 
some difference in the exact number of these affluents ; there are 
either two or three or apparently only one. In one example I 
recorded the further extension backwards of the left vena azygos 
till it reached the vena cava behind the kidney. This dis- 
position of the azygos agrees with what has been already recorded 
by previous observers concerning this species. These previous 
observations refer to several examples. The state of affairs may 
therefore with confidence be regarded as characteristic of the 
species. 

Allied to the Vulpine Phalanger is the Wombat ( Phascolomys 
mitchelli ) (text- fig. 71), of which I have dissected two examples from 

Text-fig. 71. 



Azygos veins of Phascolomt/s mitchelli. 
ccs. (Esophageal vein. Other letters as in text-fig. 62. 


the present point of view. In the first example, a female, two 
azygos veins were present and about equalled each other in length. 
The conditions were in fact like those of Macropus ualabatus . 

In a second Wombat, also a female, the conditions of the 
azygos veins were apparently identical. Both veins were present 
and well developed; but the light-hand one was the longer 
of the two. In front of the two azygos veins no intercostal 
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branches entered either of the two precavals. The right azygos 
entered the preeaval at about on a level with the fourth rib. The 
first branch arose between the third and fourth ribs. The position 
of the opposite azygos was the same. The right azygos continued 
down to the tenth rib unaltered ; at this point it divided into two 
branches, of which the outer supplied the intercostal spaces ; the 
inner branch, which was more slender, received at least one cross 
branch from the outer and could be traced some little way back as 
a very slender vessel ; 1 did not ascertain its posterior connections 
if any. Just after its bifurcation it was crossed by the first inter- 
costal artery to cross it, those in front lying below the azygos. 
This division of the azygos posteriorly reminds us of the figure of 
the Pig’s azygos given by Messrs. Parker and Tozier*. But it 
seems more likely that the inner branch is not the hemiazygos, 
but possibly the subcardinal of the right side, the outer branch 
being in that case the true persistent postcardinal. These matters, 
however, are more fully dealt with below. The left azygos of this 
example of Phascolomys niitchelli was shorter than the light ; it 
ended absolutely between the tenth and eleventh ribs. 

In the Brush-tailed Bock- Wallaby ( Petrogcde peniciliata) the 
disposition of the azygos veins was like that which is on the 
whole characteristic of the genus Macropus . I have dissected 
three examples, one male and two females. They all agreed 
except in minutiae. In all of them the right-hand azygos was the 
one to be well developed. But I never found that this vessel had 
a prominent backward prolongation to the pelvic region as is 
occasionally to be seen in Macropus. On the left side there is 
only a trace of the azygos, and this is either derived from only 
one or from two intercostal twigs. In P. xanthopus , according to 
Parsons t, the right azygos is also the larger, oi* rather the only 
one present. 

I do not know whether it is necessary to separate Bettongia 
peniciliata from B. ogilbyi. The condition of the azygos veins 
offers no help in deciding this question, since the two examples of 
B. peniciliata differ considerably from each other, and I have only 
a single example which came into my hands labelled Bettongia 
ogilbyi . In one specimen of Bettongia peniciliata , a female, the 
right azygos alone was well developed, extending far back towards 
or to the diaphragm. On the left side the azygos was very short, 
consisting of two intercostal abluents only. In the second example 
of this species, which was also a female, the azygos on both sides of 
the body was about equally developed. In the single Bettongia 
ogilbyi the two azygos veins were well developed ; but that at the left 
side was distinctly the longer of the two. It is to be noted that if 
we are to unite these species, as Mr. Thomas has done in his 
‘Catalogue of Marsupials in the British Museum/ the differences 
exhibited in respect of the azygos vein are almost exactly the same 
as those shown by JEpyprymnus rvfescens. 

* Bull. Mus. Comp. Zool. xxxi. p. 138, fig. 4. 

f See P. Z. S. 1896, p. 706. 
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In a single example of Dromicico nance the azygos was well 
developed on the left side of the body and there was a short 
azygos on the light side. 

In a species of Pseaclochimis the azygos was present on the left 
side only ; in addition to the azygos an anterior intercostal flowed 
separately into the vena cava anterior, deriving its blood from a 
single intercostal space only. In a second example (P. peregrinus') 
I found the same. The azygos proper commences with the second 
rib and joins the vena cava in the neighbourhood of the left kidney. 

A single male example of Petcmrus breviceps , which was injected 
to illustrate the anatomical relations of these veins, possessed an 
azygos on the left side only. 

In the Thylacine the left azygos is the predominant one, and 
there is also a left superior intercostal vein entering the precaval 
independently of the azygos. The right azygos is, however, by 
no means rudimentary for it supplies four intercostal spaces. 

Phascologale penicillatci has likewise a well-developed azygos on 
the left side extending back to the diaphragm. I saw none on 
the right side of the body. 

In a female Dasyurus viverrinus the azygos veins were almost 
exactly like those of the Thylacine. The left-hand vein was well 
developed, extending back almost as far as the diaphragm ; on the 
right the azygos was formed of five affluents. In a male D. maageei 
the left azygos was well developed and there was no trace of a 
right-hand vein. 

A female Perameles obesulct agreed with Phascologale rather 
than with the last species ; for the azygos was present only on 
the left side of the body. 

Of Onychogale frenata I have examined a single female example. 
The azygos was predominantly developed on the left side of the 
body. It flowed into the jugular at a point about opposite to 
the fifth rib. The first branch of this left azygos formed the 
intercostal vein lying between ribs 4 and 5. Thence regular 
branches were given oft' as usual. The main stem of the vein 
became much thinner in the region of the diaphragm ; but there- 
after increased notably in volume and could be traced back down 
into the pelvic region as a massive vein of not much smaller 
calibre than the vena cava, alongside and to the left side of which 
it ran to a point which I did not determine. There is an obvious 
similarity in this case to that of uEpyprymnus rufescens described 
above. The azygos was connected to the vena cava by a stout 
branch in the neighbourhood of the kidney. An anterior vein, the 
superior intercostal, arose separately from the left jugular and 
supplied ribs 3 and 4. There flowed into the right jugular 
at a point corresponding to that of the left azygos a much 
smaller right azygos. This slender vein only drew blood from ribs 
4 to 7. 

The results obtained from the dissections enumerated in the 
foregoing pages enable me to revise some of the conclusions 
arrived at by Dr. McClure in his memoir referred to above. 
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Dr. McClure is of opinion that “a single azygos vein is the rule 
in Marsupials, and that when two are present the case may be 
regarded as a variation.” The facts gathered by myself seem to 
me to show that the double azygos of the Monotremata is largely 
preserved in the Marsupials, so much so that the process of dis- 
appearance of one or the other is but rarely completed. There are 
but few forms in which there is absolutely no vestige of either 
right or left azygos as the case may be. This is precisely what 
would be expected in view of the admittedly archaic position of 
the Marsupials, accepting, of course, the view now generally held 
that they are not intermediate between the Prototheria and the 
Placentals, but are an offshoot of an early Eutherian. For in 
the Rodents, an admittedly primitive type, we have considerable 
traces of the double azygos. This latter point, however, will be 
discussed in relation with the azygos in Mammalia generally on 
a subsequent page. On the other hand, my own observations 
confirm Dr. McClure when he remarks that a right azygos is 
characteristic of the genus McicropuSj and that a left azygos is 
characteristic of the Phalangerida?. 

I would rather extend Dr. McClure’s remarks about the condition 
of the azygos vein in the Carnivorous Marsupials, and point out 
that in this whole group the existence of a prevalent left azygos 
is the rule so far as we know at present. The table given by 
Dr. McClure of the condition of the azygos in such Marsupials as 
were known when he wrote, brings out very clearly the variation 
in respect of the veins not merely from genus to genus but from 
species to species. This generalisation I confirm with great con- 
fidence, and also would emphasise the very frequent variation of 
these veins from individual to individual. The condition of the 
azygos in fact is by no means so fixed in this group as it is in the 
Carnivora, for example ; and modification is evidently progressing 
along two lines, in one of which the right azygos and in the other 
the left azygcs is being retained, while the opposite vein is in 
process of disappearance. 

[Noteworthy, too, is the occasional large size of the postdia- 
phragmatic continuation of the azygos in the Kangaroos, Macropus 
giganteus , 21. agilis , &c., which is, so far as my own observations 
go, invariably of the light azygos. 

The above results may be conveniently tabulated as follows 

a. Azygos on both sides equal or nearly equal. 

J lacropus ualcibatus 21. hr uni , 21. derbianus , 21. bennettii, 
Fhciscolomys mitchelli , Bettongia ogilbyi , uEpyprymnns rufescens , 
Thylaciuus cynocephalus , Dasyurus viverrinus . 

b . Azygos large on right side, Avith a rudiment on left of not 

more than three intercostal affluents. 

2Lacropus dorsalis , 21. giganteus , 21. rufus , 21. alligator is , 
21. antilopinus , 21. melanops, Petrogale penicillata , Bettongia peni- 
cillata. 
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c. Azygos only present on right. No rudiment on left side. 

Macropus melanotis. 

d. Azygos large on left side, with a rudiment only on right 

side. 

Trichosurus vulpecula , Dromicia nana , JUpyprymnus rufescens , 
Onychogale frenata . 

e. Azygos on left side only. No rudiment on right side. 

Dendrolagics bennettii , Didelphys nudicaudata , Pseudochirus , 

Perameles obesula , Petaurus breviceps , Phascologale penicillata, 
Dasyurus maugcei . 

(8) Rodents. 

Of the azj^gos in this order of Mammalia Owen wrote that 
“ opposite proportions [to those shown by the azygos veins of the 
Hedgehog] prevail in Leporidte and some other Rodents, as in 
Squirrels, the left azygos being small or wanting.” This state- 
ment is largely but not entirely true, as will be seen in the course 
of the following description of several genera and species of 
Rodents. In view of the fact that so many Rodents possess, as 
is well known, both precaval veins, it might be expected that 
here, as among the Marsupials, where a like condition of the pre- 
caval exists, there would be traces of both right and left azygos. 
And this is precisely what is found among the Rodentia. 
It is for this reason that I treat of the Rodents next to the 
Marsupials. 

The most remarkable condition of the azygos vein so far as 
concerns the Rodentia is seen in the Beaver. Rut as I have only 
had the opportunity of dissecting a single example of this Rodent, 
the structure may be abnormal in the individual. There is only 
a single azygos ; but the vein, instead of lying upon the right 
side, as is otherwise the case when the vein in question is only 
developed upon one side of the body, lies upon the left side. 
This state of affairs is, however, only an exaggeration of that 
found in Jacidus orientalis. In this Rodent, as I have ascertained 
and shall point out, of the two azygos veins present that of the 
left side is the larger instead of, as in the majority of cases where 
there are two azygos and a discrepancy in size between them, the 
right being the larger. 

This condition of the azygos, however, exists among the Mar- 
supials, as has already been pointed out*, and also among the 
Ungulates +, but apparently nowhere except as an anomaly. 

Of Capromys pilorules I have had the opportunity of studying 
two examples which, although they present certain differences, 
agree in certain main features in which they also present unmis- 
takable points of likeness to their allies Ilystrix and Dolichotis. 

The azygos is either only or almost entirely to be found on the 
right side*. The vein on that side in one specimen follows after 

* Supra, p. 202. f Supra , p. 190. 

J Dobson (P. Z. 8. 1884, p. 248) only mentions a left azygos. 
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an anterior branch from the right jugular. This latter branch 
divides soon after issuing from the jugular (to reverse for the 
convenience of description the direction of the blood-flow) into 
two, one anterior and the other posterior. Each of these supplies 
.several intercostal spaces, the anterior two and the posterior 
three. The azygos proper does not branch until after it has 
passed the region supplied by the branch referred to. Its first 
twig supplies two intercostal spaces. The rest are single branches. 
On the left side of the body is a single vessel supplying only one 
space. In the other specimen I observed no branch on the left 
side of the body. On the right side the first branch of the azygos 
runs forward and supplies on each side of the body three inter- 
costal spaces. It obviously corresponds to the anterior branch of 
the jugular of the last individual. 

In Coelogenys paca I have observed rather different arrange- 
ments of these veins in two specimens. This animal, unlike 
Dolichotis , has two jugulars. In one individual (both were males) 
the azygos was developed on both sides of the body though con- 
siderably longer on the right. On this side of the body a branch 
is given oft' early in the course of the azygos which supplies 
-several intercostal spaces ; the main trunk of the vein runs of 
course parallel with this, and gives off' no branches until the last 
of those supplied by the large branch referred to. In this speci- 
men the inferior intercostal veins do not open independently into 
the jugular, but into the azygos before it communicates with the 
jugular. In the second individual both light and left superior 
intercostals were quite independent of the azygos of their side, 
entering each jugular separately. The azygos vein of the left 
side of the body although present was very slightly developed, 
-apparently collecting blood from only one intercostal space. 

In Dolichotis patachonica the conditions of the azygos were as 
follows: — The trunk of the right side is the chief one to be 
developed. It is, however, as in some other forms (e. g. J lacropiis 
dorsalis*), derived from two branches which arise separately from 
the jugular. The first is a small branch which runs in a forward 
direction. The second trunk: is the main azygos. This at once 
gives off a branch which divides into three twigs, the rest of the 
blanches are single in their origin from the azygos. On the left 
side of the body a vein arises three or four ribs further forward. 
Before reaching the parietes it gives off a slender twig which 
runs backwards along the carotid and the aorta. I have not 
traced this vessel out to its end ; it is evidently to be compared 
with a similar vessel in Lemur macaco . When it has reached 
the parietes this azygos divides into two vessels which run in the 
same straight line and are continuous fore and aft along the body- 
wall. Two intercostal veins arise from the anterior section and 
three from the posterior section. I did not detect any connection 
•of this left-hand vessel with the subclavian vein anteriorly. 

* But in tliis case it is the left azygos which shows the peculiarity mentioned. 

Proc. Zool. Soc. — 1907, Xo. XIV. 14 
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In another example of iJolichotis patachcmica , the conditions 
observed were a little different. The azygos proper was only to 
be found on the right side of the body, in correspondence with the 
fact that this rodent has but one jugular vein. In front of the 
azygos are two separately arising superior intercostal veins. On 
the left side the vein described in the first specimen of Dolichotis 
also existed, but was of much more limited extent than in that 
individual. It corresponded in place of origin with the upper of 
the two separate superior intercostals of the right side. The 
vessel divided into two branches only, of which one was behind 
the point of emergence of the vein from the jugular. It is clear 
that this trunk is the same as that which in the other specimen 
takes up the place of the azygos of the left side of the body, though 
it is much less extensive. There is thus no essential difference 
in respect of the veins of the intercostal system between the two 
individuals. Only a difference of degree in the development of 
the same, and that a slight one. 

The Porcupine (Hystrix cristatci ), belonging as it does to the 
same subdivision of the Rodents as the Patagonian Cavy, naturally 
shows some resemblances to that rodent in the disposition of the 
azygos veins. The right-hand trunk is the chief one to be 
developed *. In front of it, however, arise from the right jugular 
separately two intercostal veins. The main trunk gives off’ first 
a branch which supplies one rib. This is followed by a moi^e 
important branch which supplies three intercostal spaces as does 
the corresponding vessel in Dolichotis . After this the branches 
are single. On the left side of the body the vena cava anterior 
sinistra (the left jugular) gives off two vessels following each other 
which arise at about the same level as the two branches of the 
right jugular which lie in front of the azygos proper. The second 
of tliese'is the most important, and runs for some distance down 
the body, giving off* four branches to the intercostal spaces. All 
these lie posteriorly : there is no forward continuation of the vein 
such as occurs in Dolichotis ; but the forward extension of the 
vein in Dolichotis is evidently replaced in Hystrix by the separate 
twig arising from the left jugular. 

In a second example of Hystrix cristatci , a male, the arrange- 
ment of the azygos veins (text-fig. 72) was apparently identical. 
I use the word “ apparently ” because in the first example 1 did 
not count the ribs between which the various branches of the 
azygos ran. In the second specimen the azygos flowed into the 
right jugular at a point on a level with the interval between 
the third and fourth ribs. The first branch, exactly in the same 
way as in the example I have just described, supplied three 
intercostal spaces, beginning with the third rib. A superior 
intercostal vein arose from the jugular in front of this, and 
received from the first and second ribs a branch each. On the 
left side the azygos proper was very slender, but supplied ribs 

* Parsons (P.Z. S. 1894, p. 685) states that there is “only one azygos vein ” in 
Atherura africana. 
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four to seven, and there was in the same way a superior inter- 
costal. The constancy of the first branch of the azygos of the 
right side which supplies several branches is remarkable. It 
seems to me to be possible that this branch is the real post- 
cardinal, persistent here to a greater extent than in most other 
mammals which I have dissected. In any case its relations are 
perfectly consistent with such a view of its nature. I may 
mention that in this example I noted an oesophageal twig arising 
separately from the left jugular not in common with the azygos. 

Text-fig. 72. 



Azygos veins of Hystrix crista ta . 


ces. (Esophageal vein. Other letters as in text-fig. 62. 

In the Canadian Porcupine, Erethizon clorsatmn , the jugular, 
contrary to what is to be found in Hystrix , is a single vessel. 
The system of azygos veins is also single and confined to the 
right side of the body. There is no trace that I could discover 
of either azygos or superior intercostals on the left side. The 
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azygos presents no features of any special interest ; it is like that 
of many other animals. In front are two separately arising 
superior intercostals. The difference between these veins in the 
present genus and in the true Old World Porcupines is one 
more justification of the absence of near affinity between those 
superficially similar rodents. I examined two specimens of this 
species. 

Myopotamus coy pit has two jugulars, and there is an azygos 
vein opening into each at the same level. That of the right side 
of the body is the one which is fully developed and runs a long 
way down the body. On the left side a slender twig joins the 
jugular of that side which appears to emerge from one intercostal 
space only. The arrangement of these vessels in the Chinchilla is 
the same. 

In Lepus europceus , Arctomys marmotta , Cynomys hulovicianus , 
Lagomys roylei , there is but one azygos and that on the right side 
of the body. 

In Sciurus bicolor there are also two jugular veins as in the 
species which have just been described. There is also in the same 
way but a single azygos vein arising from the right jugular. The 
branches of this vein are collected from the series of intercostal 
spaces commencing with that lying between ribs 4 and 5. 

Sciurus maximus differs from the other Squirrel mentioned in 
the present communication in that there is but a single jugular 
vein, which is the right-hand one of other Squirrels. Into this 
opens the well-developed right azygos vein, which presents no 
differences from that of other members of the genus Sciurus , 
except of the smallest detail. Its affluents commence with that 
of intercostal space 5/6. Corresponding to this vein, however, 
there is a very small left azygos. This vein collects blood only 
from ribs 4 and 5, and it opens into the single jugular just a 
trifle in front of the point of opening of the large right azygos. 
The right azygos, I should add, in both the species that have just 
been referred to extends back considerably further than the 
last rib. 

Of Sciurus vulgaris I have examined two individuals, one a 
male and the other a female. The two agreed in every detail of 
structure. This species belongs to that group of the rodents which 
possess two jugulars. But in spite of this the azygos vein is 
single and is present on the right side only. I did not observe 
any superior intercostal vein arising from the jugular in front of 
the point where the true azygos springs. I found the same to be 
the case with Sciurus palmarum. 

In Hydrochcerus capybara there are similarly two jugulars and 
only a single azygos, which as in Sciurus is on the right side of 
the body. There was nothing to be seen of an azygos on the left 
side, which is perhaps remarkable in view of the relationships of 
this rodent. This statement moreover applies to two examples of 
the species. 

In the Jerboa, Jacidus or lent alts, a rodent with two jugulars 
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also, there are two azygos veins well developed. I have dissected 
two examples, both females, of this species, and find that in both 
the left azygos is rather the larger of the two, markedly so in one 
specimen. This is a curious reversal of the prevalent arrangement 
in Rodents and is reminiscent of conditions found among the 
Marsupials. So far as my experience goes this condition of the 
azygos veins is unique among the Rodents. It obviously culmi- 
nates in the condition observable in the Beaver, where there is 
but a single azygos vein and that of the left side. Precisely the 
same series is to be met with among the Marsupials. 

(9) The Azygos and other Thoracic Veins in the Young of 
Myopotamus coypu, and the Homologies of the Azygos in Mammals. 

A recent examination of four young specimens of the South 
American Myopotamus coypu has furnished facts of great in- 
terest in connection with the real nature of the azygos veins in 
the Mammalia generally, besides making a contribution to the 
anatomy of these veins in that particular rodent. The four 
individuals were born dead, but apparently were of full time. 
They came into my hands on the following morning, and were in 
admirable condition for study. All four agreed excepting in one 
detail, and this apparent divergence may have been due to the 
difficulty in tracing the smaller branches of veins. In all of these 
examples there were three veins in the thoracic region, as well 
as — of course — the post-caval. Two veins (text-fig. 73) were 
symmetrical with each other, and lay on either side of the ver- 
tebral column near to the point of articulation of the ribs. Of 
these veins the right-hand one was constantly the larger. Both 
opened into the right and left anterior cava respectively. Branches 
arising intercostally were seen in both cases. In front of the 
point of entrance of this vein into the precava there were no 
representatives of the vena? intercostales supreme?. That is to say, 
no veins to which this term might be applied opened separately 
into the precava. But as a matter of fact all the intercostal 
spaces from the very first backwards had their intercostal veins, 
which in the case of the anterior ones passed backwards to join 
the main trunk. They joined the main trunk very nearly at its 
point of entrance into the precaval vein, and the slightest shifting 
of the posterior set of intereostals would divide the affluents of 
the precaval into two veins — an anterior, corresponding to the 
vena intercostalis suprema, and a posterior azygos. But is this 
vein to be considered an azygos ? This point may be deferred 
until after description of the third thoracic vein. This vein was 
rather larger than either of the paired veins just considered. 
It lay in each case on the right side, or — to speak more accurately 
— it poured its contents into the precava on the right and not 
into the left-hand one of those veins, paired here as in many 
other Rodents. The vein really lay rather medianly in position, 
running over the centra of the vertebra?. Anteriorly it joined 
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the vein of its side which has just been described and opened 
in common with it into the precava. 

In one at any rate of the Rodents this vein bent distinctly to 
the right before effecting this connection, and in another there 
was the same bend and (see text-fig. 73) a slender straight vessel 
continued on the direction of the vein and apparently opened into 
the paired vein rather nearer to the precava. It was generally 
to be seen — possibly invariably present though hard to see owing 
to deficiencies in the blood — -that this vein was connected by cross 
vessels with both of the paired vessels already described as running 

Text-fig. 73. 



Lateral view of the thoracic region of newly-born 3 lyopotamus coypu , dissected 
to show azygos vein (Az.r.) and persistent postcardinal (j oost.c.). 


alongside of the vertebral column on either side. I am inclined 
to think that these cross trunks were segmentally arranged in 
accordance with the vertebra?. This vessel was longer than either 
of the paired trunks, and posteriorly the last cross anastomosis 
that I observed *on the right side was continuous with a longi- 
tudinal vessel obviously continuing on the paired vessel of its 
side, though a break occurred between the two. This trunk, 
receiving affluents in the lumbar region, ended by opening into 
the postcava near to the entry into the same of the right renal 
vein. Anteriorly the unpaired vessel lay outside the area which 
would be occupied by the intercostal arteries (though I did not 
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actually observe the arteries here); later on it could he distinctly 
seen to lie within that area. The intercostal arteries could be 
observed to lie outside of the vein. We can now consider what is 
the nature of these several veins. There seem to me to be only 
three possible views, one of which is so improbable that it may be 
shortly considered first of all and then dismissed. This view is 
that the paired vessels are two azygos veins which have been 
formed in a way not indicated in the specimens from the post- 
cardinals, and that the single more median vein represents the 
oesophageal branch which is at least very commonly developed 
from the azygos and often leaves it near to its connection with the 
precaval. If this is the case the vessel must degenerate very much 
in maturity, and its numerous cross connections with the paired 
veins are not easy to understand. It seems in fact unlikely that 
such unimportant vessels as the visceral branches of the azygos 
should have so portentous a beginning and so impotent a conclu- 
sion The other alternatives are mutually exclusive, hither the 
paired veins are the postcardinals and the unpaired vein is a single 
azygos, or the single vein is the one remaining postcardinal and 
the paired veins are azygos veins which have been derived from 
that and another vanished postcardinal. The first of these views 
seems to me to be fairly obviously the correct one; and for the 
following reasons. In the first place, paired postcardinals and an 
unpaired azygos are more likely than the reverse. This is, ot 
course, not conclusive, for one ex hypothesi postcardinal might 
have disappeared. Secondly, the presumed azygos corresponds 
with the adult Myopotamus where there is only one azygos, and, 
as is so general with the azygos, it lies partly outside and partly 
inside the intercostal arteries. The median position too of the 
presumed azygos is like that of undoubted azygos veins, while the 
lateral position of the presumed postcardinals is again in consonance 
with that view of their nature. In the next place, Dr. McClure 
has pointed out that the azygos arises from the postcardinal m the 
Opossum to the median side of that vein, which is precisely the 
position occupied by the presumed azygos in the young Myopotamus 
Furthermore, the break between the thoracic and the abdominal 
regions of the paired veins is in accord with the view that they 
really are the postcardinals; for such a break has been described 
in the course of the development of those veins. 

It is obvious that these facts throw some light upon the azygos 
veins in general. It seems highly probable that we shall have to 
distinguish in future between real azygos veins or vein and 
persistent postcardinals. It is even possible that the true azygos 
vein is always a single vein, and that when there are apparently 
two-one on each side— it is a case either ot both postcardinals 

persisting or of a single azygos with one persistent postcardinal. 

That there should be such large differences even in allied mammals 
seems surprising ; but it is by no means impossible even on 


* Loc. cit. (see p. 183)* 
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a priori grounds, if — that is to say — we are permitted to use the 
analogy of the development of the postcaval. It is perfectly clear 
from developmental facts that in the Marsupials generally that 
vein has a different origin posteriorly from that which it lias- 
in the Rabbit, while McClure appears to have shown that in 
different individuals of Didelphys marsnpialis the extreme end of 
that vein originates differently. In man, according to the facts 
collected by Hochstetter, the postcaval has as a variation a 
different mode of origin from that which is normal. 

In the young pouch-living individual of Macrojms derhianus de- 
scribed above *, it was pointed out that there were two azygos veins 
in both foetus and parent. There was no trace in either that I noted 
of any other vein. It seems to me to be possible that in that and 
other Marsupials there are not any azygos veins at all, but the 
persistent cardinals take tlieir place. That this is not the case, 
however, in Didelphys appears to be shown by McClure’s investi- 
gations +. Again, the relations of the azygos in Cervus sika 
described above + lead one to the inference that the anterior 
branch of the azygos running for some distance to the outside of 
the azygos is a remnant of the postcardinal of that side, since the 
junction of the two veins near to their entrance into the jugular 
recalls exactly the conditions which have been described above in 
the young Myopotamns . These remarks, however, cannot be 
considered at present as more than suggested possibilities. It 
seems to me to be equally likely that in those cases where a well- 
developed right azygos or left is accompanied by a less developed 
vein on the opposite side of the body which I have called azygos 
in the preceding pages, the latter is really a persistent post- 
cardinal. 

In addition to these there are cases where on one side of the 
body at any rate both azygos and postcardinal appear to persist. 
Those instances present as a permanent condition the state of 
affairs which occurs temporarily in Myopotamns coypu. In one of 
two Ccelogenys paca described above, there is, as I regal'd it, a 
well-developed persistent postcardinal on the right side and traces, 
of the same on the left, in addition to a well-developed azygos 
on the right and a good but not so well -developed azygos on 
the left. In Capromys pilorides there are also considerable 
remains of the right postcardinal as well as of the light azygos. 
In Hystrico cristata (see text-fig. 72, p. 211) we see precisely the 
same thing on the right side ; in this species in both examples 
dissected. Dolichotis patachonica has also, if my views are correct, 
both a right azygos and a short right postcardinal. Nor is this 
retention of a foetal condition peculiar to Rodents, though clearly, 
so far as my experience goes, most abundant in them ; for it also 
occurs on the right side of the body in Cervus sika. 

The relationship of the posterior end of the azygos to the 
postcardinal of the light side requires further emphasis. As has 

* Supra, p. 2012. f Loo. cit. p. 183. £ Supra , p. 192. 
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been mentioned, the azygos bends over the vertebral column and 
joins a vein running nearer to the ventral side of the body, which 
is hidden posteriorly by the kidney and opens into the post- 
caval near to the entry thereinto of the renal vein. Previously 
to this the vein has collected tributaries from the lumbar body- 
wall. This is precisely what occurs in other and adult mammals. 
It is frequently the case that the azygos, after emitting the vein 
to the last intercostal space, curves in to the same way over the 
vertebral column and can be traced back to the kidney, in the 
neighbourhood of which it debouches into the postcaval vein. 
It seems to be clear, from the relations of the different sections of 
the veins concerned, that the bend to the right (of the right 
azygos) is the equivalent of one of the cross branches, by many 
of which the azygos is put into communication with the right 
postcardinal. Thus the complete azygos in such mammals is 
azygos plus one cross communication with the postcardinal plus 
the lumbar section of the postcardinal. The azygos, therefore, 
has as complex a formation as has the postcaval itself. 

This condition of the azygos in many mammals contrasts with 
the conditions to be observed among the Marsupials. Here, as 
has been pointed out, it is not infrequent for one azygos, either 
right or left, to be a vein of very considerable importance, not 
merely in the thoracic region but also in the abdominal region. 
In various Diprotodont Marsupials, duly recorded in the pre- 
ceding pages, I have found a thick vein in the kidney region, 
sometimes even extending further back, in fact quite into the 
pelvic region. This vein, which in the abdominal region runs 
parallel with the postcaval, is connected with that vein by an 
anastomosis. Further forwards it is directly continuous with the 
azygos vein of its side, which lies in or very nearly in the same 
straight line with it. Not unfrequentlv there is a thinning 
before the two veins meet, but still a continuity. This was seen 
for example in a specimen of uEpyprymnus rufescens. In others 
there was no such thinning. These cases are, as it appears to 
me, to be best explained on the assumption that here the “ azygos 
of the adult is in reality the persistent postcardinal of its side. 
Hence the absence of the bend such as occurs in Myopotamus 
coypu . The thinning I put down to the “break” which has 
already been referred to as occurring between the thoracic and 
abdominal parts of the postcardinal in many mammals 

There are two other matters for consideration in view of this 
suggestion with reference to the differing nature of the azygos in 
the adult. Firstly, the variability of these veins becomes of a 
different aspect, since it is not one but two distinct veins or pairs 
of veins which vary. The actual variability is therefore reducible 
in consequence, and to be considered from different points of 
view. The variability in the proportions of the two azygos veins 
in the Diprotodont Marsupials is, if my suggestions be correct, 
obviously not the same thing as the variability in the two veins 
which bear the same name among the hollow-horned Ruminants. 


218 


MR. F. E. BEDDARD ON THE 


[Feb. 19, 


Broadly speaking, it appears to me that the true azygos is by no 
means so variable a vein as are the persistent postcardinals, a 
conclusion which is in perfect accord with general principles. A 
partially persistent, though obviously decaying structure, is apt 
to vary more than a newer structure, which may be increasing 
lather than diminishing in importance. Thus we find that 
the true light azygos is very constant among the Carnivora,. 
Secondly, there is the fact of the continuation into the abdo- 
minal region even as far as the pelvic region of the azygos vein. 
In some cases at any rate, possibly in the majority or even all 
those animals which ( e . g. Carnivora) possess a true azygos vein, 
i. e. secondary vein not the persistent postcardinal, that vein is 
continuous posteriorly with a longitudinal vein which receives 
lumbar branches and opens indirectly or directly into the post- 
caval vein. This part of it I regard, for reasons already put 
forward, as a portion of the persistent postcardinal. Now it is 
precisely among fche Diprotodont Marsupials, whose azygos veins 
are, as I think, true postcardinals, that we find a very large vein 
continuing into the abdominal and even pelvic region of the 
body*. It seems to me that there is some significance in this 
fact, and that it tends to support my contention that among 
adult mammals the azygos veins fall into two categories. 


(10) The Condition of the Azygos and the Classification 
of Mammals. 

It is clear from the facts here set forth, that the condition of 
the azygos vein or veins has a distinct relation to the mutual 
affinities of the several groups of Mammalia, but . in quite a 
general way. Thus the Lemurs agree with the other Primates in 
having only the single right azygos ; and, moreover, it is in these 
two groups alone that an hemiazygos is at all prevalent on the 
left side, joining the azygos some way before the latter opens into 
the right vena cava superior. All the members of the Order 
Carnivora agree with each other in the same character; the 
divergences in these three orders or two orders being of the 
slightest when compared with some other groups. I do not 
infer from this that there is a special relationship between the 
Carnivora and the Primates of course. Both groups have, as I 
think, independently arrived at the same state of affairs as 
regards the azygos vein. But for each group considered alone 
the facts at least agree with the general view of their affinities. 
It is important to note that the Lemurs agree with the Apes, 
and the Arctoid Carnivora with the ^Eluroid . No difference in 
mode of life seems to have affected this deep-seated character. 
The Otter cannot be distinguished in this particular from the 
Civet Cat, or the Raccoon from the Surieate. 

* Hochstetter, however, declines to recognise as persistent sections cf post- 
cardinal Robinson’s description and figures of a left postcaval extension of azygos 
(Studies in An at. Owens Coll. i. 1891, pi. vi. figs. 1, 2, &c.). But it does not 
follow that this objection would apply to Macropus. 
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Again, the cavicorn Ruminants mostly agree with the SuicUe in 
the entrance of the left azygos into the heart independently of 
the remains (if they exist) of the left vena cava anterior. And in 
this J loschus and Hydropotes agree with them. This agreement 
is not without interest, particnlarl} 7 ' when it is considered that the 
Cervidie may differ in the relations of the azygos : in Cervus silca 
the right azygos being the prevalent or only az}^gos and entering 
in the usual way the right anterior cava. Most zoologists sepa- 
rate the solid-horned from the hollow-horned Ruminants, though 
to others the distinction between the two groups of Artiodactyles 
appears “ fanciful.” In any case the Perissodactyles have their 
own plan of azygos structure, which happens to agree with that 
of some Cervidre, but distinguishes the Suborder from the Pigs 
and holloAv-horned Ruminants. In connection with the classifi- 
cation of the Ungulates, as supported by the disposition of the 
azygos veins, the position and number of these veins in Hyt'ax 
are of particular interest. In this “subungulate,” admittedly 
primitive, and standing nearer to the base of the Ungulate series 
than any other living form, except the Elephant, there is as it 
were a hesitation to adopt definitely the form of the az} r gos veins 
to be seen in either Artiodactyle or Perissodactyle. 

It may also be fairly said that a low position in the series is 
indicated by the persistence of both azygos veins. These persist 
in Echidna , and are very generally prevalent in the Marsupials, 
the Rodentia, and, though here our knowledge is more deficient, 
in the Insectivora. It is the general opinion that of these groups 
at least three are primitive groups, and many would think the 
same of the Rodentia. The division of the Marsupials into 
Diprotodont and Polyprotodont is justified by the condition of 
the azygos veins ; for in the Diprotodont division there is a much 
greater tendency for the two azygos veins to persist than among 
the Polyprotodonts. Furthermore, as emphasising the gap that 
separates the Marsupials from most of the higher mammals, it is 
noteworthy that in them (i . e. the Marsupials) it is the left azygos 
which is apt to be predominant and not the right vessel. In the 
Order Rodentia also the conditions of the azygos agree with 
current views as to their subdivisions. On the whole the 
Hystri comorphine Rodents are those in which the two azygos 
veins persist to a greater or less extent. An exception to this 
statement would appear to be the genus Dipus. But it must be 
remembered that the late Dr. Dobson concluded from certain 
facts in muscular anatomy that Dipus was not remote from the 
Hystricomorpha *. 


(11) The Position of the Azygos with reference to the Vertehrce . 

In dealing with the development of these veins in Mammals, 
Hoclistetter has dwelt upon the fact that the heart moves back- 
wards and with it of course the blood-vessels, including the 

* Joura. Aiiat. Phys. xvii. 1883, p. 177. 
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Ductus Cuvieri, attached thereto. The opening of the posterior 
cardinal veins into the Ductus Cuvieri thus undergoes an altera- 
tion of position with reference to the thoracic vertebrae. Thus 
Hochstetter found that in the embryo of a rabbit fifteen days 
old “ Der Stamm der V. azygos miindet sehon in der Holie des 
Zweiten Intercostalraumes in die Holdvene ihre Seite,”* while 
in the adult its position is further back. It is interesting to note 
in relation to such developmental facts the varying position of the 
entrance of the azygos into the precava in different families and 
genera of adult Mammals. It would seem plain that if the 
azygos vein or veins enter the precaval further forward in one form 
than in another, the conditions are in that type more primitive. 

On the whole it would appear that as a general rule the point 
of entrance of the azygos vein is opposite or about opposite to 
the fifth rib. It is at any rate so in Macropus , Lutra , Sciurus , 
Suricata , Equus , Lemur , &c. It seems to be the general position 
among the Carnivora and Primates. I have not met with any 
instance of a shifting backwards further than this point, more 
than the very smallest. I have noticed occasionally that the 
sixth rib instead of the fifth is the first to emit an intercostal to 
the azygos. This was the case, for example, with a new-born Ovis 
tragelaphus . Now, although Hochstetter and McClure (working 
it is true with different types) disagree as to how much exactly 
of the embryonic postcardinals persist in the adult as the azygos 
vein or veins, there is no doubt that the actual orifice of the 
azygos into the precava represents the embouchure of the post- 
cardinal into the Ductus Cuvieri. We can, therefore, argue 
concerning the shifting position of this point. Dr. McClure has 
himself observed + that the left azygos of Diclelphys u opens into 
the left precava about opposite the head of the third rib,” while 
“ the right azygos vein, when present in the adult, opens into 
the precava about opposite the head of the second rib.” It cannot 
be said, however, that this position of the azygos, which is to be 
regarded as a more primitive position, is in any way characteristic 
of the Marsupials. It does nevertheless occur in that group, and 
I have found the same in Pseiidochirus peregrinus. It is in- 
teresting in relation to this matter to find that in the Insectivore 
Erinaceus the Ductus Cuvieri on both sides of the body lies 
opposite to the interval between the second and third ribs. The 
Rodents also show to some extent the same anterior position of 
the point of entrance of the azygos into the precaval. Thus in 
ffystrix cristata the first affluent of the right azygos arises between 
the third and fourth ribs. On the other hand, among the Car- 
nivora and Primates, as already said, this forward position of the 
entrance of the azygos is never (in my experience) to be met 
with. 

Indeed, the facts stated at length in the preceding pages, which 
have just been briefly reviewed, point distinctly to the persistence 

* Morph. Jalirb. xx. 1893, p. 573. 

f American Jonrn. Anat. 1906, p. 185. 
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of a more primitive position of the Ductus Cuvieri in animals 
which possess as a rule two azygos veins, and are thus also 
primitive in this peculiarity, and which moreover are usually 
assigned on these grounds to a low place in the Mammalian 
series. The whole group of facts fit in with each other in perfect 
harmony. 1 believe that these facts are not without importance 
in considering the Artiodactyle Ungulates, or rather the hollow- 
horned Ruminants and the Pig tribe, which agree in the characters 
of the azygos veins. 

The right azygos in these animals is always situated far forwards, 
beginning even ( e . g. in Oryx beatrix ) with the second intercostal 
space, and although the left and prevalent azygos does not occupy 
what is ex hypothesi a primitive position, there are nevertheless 
true azygos veins present. The anterior section of the azygos, 
which runs forward of the point of opening into the heart, is 
perhaps to be regarded as the left precaval otherwise missing. 
There is thus some agreement with the suggestions already 
made. 

(12) The Vena 3 Intercostales Supremce. 

These veins, so named by Hochstetter, and often termed inferior 
intercostals, are superficial veins made up of one or more of the 
intercostals anterior to those which unite to form the azygos 
vein or veins. They are the superficial superior intercostal veins 
of McClure*. As will be gathered from the foregoing pages, these 
veins are not invariably present as trunks opening into the vena 
cava superior ; nor indeed are they invariably present at all. I 
presume that in these cases, where no such veins are apparent, 
the circulation is effected by the deep series of intercostal veins 
lately figured + with great elaboration in the Opposum by Dr. 
McClure in the paper already referred to. The details of the 
occurrence of these veins in various genera of mammals ha ve been 
already dealt with in the foregoing pages. From these it will 
appear that the veins in question are by no means of universal 
occurrence, and that when they do occur they are not always 
connected with the precaval vein or veins. In man, for instance, 
these veins are described as entering the left and right venae 
anonymae respectively. This appears to hold good for the Primates 
generally. 

But 1 do not profess in the present communication to have dealt 
at any length with the Primates. Among the Carnivora these 
veins are evidently not common, and when they do occur some- 
times join the precava and sometimes the vena or venae anonymae. 
In the Marsupials also the venae intercostales supremae are not 
universal, but when they are met with they seem as a rule to 
join the precaval or precavals. These veins are much more 
general among the Hystriciform Rodents, where indeed, so far 
as my observations go, they are practically universal and join the 
precaval. As a rule, too, in this group the veins are paired and 

* Amer. Jonrn. Anal. vol. ii. 1903, p. 371. f Loc. cit. fig. p. 380. 
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each precaval has its own separately debouching intercostals. 
That this is not at all due to the prevalence among these Rodents 
of two precavals is shown by the same constancy of the vemc 
intercostal es supreme among the Artiodactyle Ungulates. The 
exceptions that I have met with to the rule that these veins are 
present on both sides and open into the single precaval are but 
few in number. Concerning other groups the facts at my dis- 
posal are so few that I hesitate to attempt any remarks of a 
general character. 

(13) Conclusions. 

Although the facts detailed in the preceding pages, as well as 
those made known by the records of others, might be largely 
added to, enough appears to me to be known to permit of a few 
general observations upon the azygos vein in the Mammalia. 

(1) With the exception of the Cetacea the azygos is always a 
well-developed vessel of fair size among the Mammalia, and 
generally to be found fully developed upon one side of the body 
only, and this the right. Its functions appeal* never to be taken 
up by the vena cava inferior, so that it is never rudimentary. 

(2) There is only a right azygos with no traces of a left — 
except rarely as a hemiazygos not reaching the vena cava anterior 
— in Carnivora, Lemurs, American Edentates, and Primates. 

(3) The existence of two azygos veins characterises several 
Marsupials, Rodents, Insectivora, and most Artiodactyles. In the 
two first-named groups the existence of the two veins is associated 
with the presence of two superior vense eavse. It is not, however, 
every Rodent with two superior cavse which has also two venre 
azygos. But, as it appears, no Rodent with one superior cava 
only has more than one vena azygos. The Artiodactyles are 
exceptional in that, while possessing only a single anterior vena 
cava, there are two azygos veins. But the left azygos generally 
opens into the right auricle with or close to the vena cava posterior. 
Rarely there is also a connection with the single vena cava 
anterior. Where two azygos veins are present it is unusual for 
them to be equally developed. Either the right or the left is 
well developed and the other smaller or much reduced. 

(4) The existence of a left azygos only characterises a few 
forms belonging to the groups Marsupials, Rodents, and Artio- 
dactyles. This condition of the azygos is not, like the two which 
have been dealt with, characteristic of any large group. 

(5) It is to be remarked that, on the whole, the possession of 
two azygos veins is associated with a low position. 

(6) With certain exceptions (e. g. JEpijprymnns rufescens) the 
azygos vein is fairly constant in its characteristics for a given 
species. This is sometimes very markedly the case. 

(7) As will be gathered from the details given, the azygos is 
of some use in the classification of Mammals. Thus Hyrax shows 
its Ungulate affinities, and several genera of Ilystriciform Rodents 
agree together in the character of the azygos veins, &c. 
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(8) As a general rule the entrance of the azygos vein or veins 
into the precaval or precavals is more anterior in position in 
Mammals, occupying a lower position in the series than in more 
specialised types, i. e . opposite to second rib instead of fifth or 
sixth. This corresponds with ontogenetic shifting back of heart 
and blood-vessels. 

(9) The conditions observable in the newly-born young of 
Myopotamus coy pit seem to show that the postcardinals may 
persist as such at least up to the time of birth, and in some adult 
Rodents one is also persistent. 

(10) The same species shows that the az}"gos of the adult is 
independent— except for a very short tract at its opening into the 
precava — -of the postcardinal of its side, thus confirming the embryo- 
logical results of others who have affirmed that only the very 
commencement of the azygos is traceable to the persistent post- 
cardinal of its side. 

(11) it is probable that the veins called “azygos” in adult 
Mammals are not in every case strictly homologous veins. Where 
there is but one azygos present (e. g . Carnivora) it is probable 
that that vein is the true azygos, except in the abdominal region 
where it is formed by the persistent postcardinal. In cases where 
there are two azygos veins both may be (? certain Marsupials) 
persistent postcardinals, or one of the two may be a remnant of 
the postcardinal, the other being a true azygos. 

(12) These and some other facts and conclusions lead to the 
inference that the true azygos vein of Mammals ( i . e . that formed 
by an outgrowth of the postcardinal) is a structure which has been 
developed in the Eutheria. 


5. Ideas on the Origin of Flight. 

By Dr. Baron Francis Nopcsa. 
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(Text-figures 74-82.) 

Although much has been written on the origin of flight, 
yet till now no really satisfactory explanation for this kind of 
locomotion has been found. This is, so far as I can under- 
stand, mainly due to the fact that it has on a priori grounds 
been supposed that all the principal groups of flying vertebrates — 
namely, Pterosaurs, Bats, and Birds — originated in a similar 
manner, without fully appreciating the fundamental fact that, 
from the mechanical standpoint , patagium and feather are two 
perfectly different organs. 

A patagium is a soft flexible membrane and in consequence 
requires, to be effective, numerous firm radial supports originating 
from the body that has to be carried, whereas for a series of 
semirigid but elastic quills one line of attachment is sufficient. 

In consequence of this difference, a patagium- flyer must always 
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